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We explore the eletroni interations between a thin gold lm and a surfae layer of the moleular
magnet Mn
12
-aetate. Magnetoresistane measurements of the gold allow haraterization of the
interations by omparison with the theoretial preditions of weak loalization. We nd that the
presene of Mn
12
-aetate on the surfae of the gold lm leads to a redution in elasti sattering while
inreasing the spin sattering of the ondution eletrons. This is the rst experimental evidene of
moleular magnets being used as sattering enters for an adjaent metalli lm.
PACS numbers: 73.20.Fz, 73.43.Qt, 73.61.At, 75.50.Xx
INTRODUCTION
Manganese-12 aetate (Mn12a) is a moleular mag-
net whih has been the subjet of muh study, both theo-
retially [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11℄ and experimentally
[12, 13, 14, 15, 16, 17, 18℄, sine it was rst fabriated
by Lis in 1980 [19℄. While most of the researh into the
properties of Mn
12
-a has been foused on its interest-
ing magneti properties, some work has been done more
reently exploring the eletroni properties, in partiular
the ondutane through Mn
12
-a [20, 21, 22, 23, 24℄.
Theoretial preditions have also been made onerning
the eletroni struture of related Mn
12
moleules [4, 25℄.
This study seeks to shed light on how the presene of
these moleular magnets on the surfae of a gold lm an
aet the transport properties of the ondution eletrons
within that gold lm.
In order to explore the interations between the Mn
12
-
a and the gold lm, one must have a theoretial frame-
work for understanding the interations. The theory of
weak loalization [26, 27, 28, 29℄ provides suh a frame-
work by quantifying the strengths of the various satter-
ing proesses experiened by the ondution eletrons.
Condution eletrons within a metal an undergo elas-
ti sattering, suh as surfae sattering or sattering
from lattie defets; inelasti sattering, suh as eletron-
phonon sattering; spin sattering, suh as sattering
from magneti impurities; or spin-orbit sattering. Eah
of these proesses makes spei ontributions to the re-
sistane of the lm and eah hanges in a spei way
in the presene of a magneti eld. Weak loalization
predits the hange in resistane of a metalli lm in a
perpendiular magneti eld, H⊥, due to weak loaliza-
tion eets to have the following dependene [30℄:
∆R (H⊥)
R
=
e2R
2pi2~
×
[
ψ
(
1
2
+
H1
H⊥
)
− ψ
(
1
2
+
H2
H⊥
)
+
1
2
ψ
(
1
2
+
H3
H⊥
)
−
1
2
ψ
(
1
2
+
H2
H⊥
)]
(1)
where R is the sheet resistane of the lm and Hn are
harateristi elds given by
H1 = H0 +Hso +Hs (2)
H2 =
4
3
Hso +
2
3
Hs +Hi (3)
H3 = 2Hs +Hi (4)
with H0, Hso, Hs, and Hi being harateristi elds or-
responding to elasti, spin-orbit, spin, and inelasti sat-
tering, respetively. The physial quantity of interest is
the sattering time, τn, assoiated with eah type of sat-
tering proess. The sattering times are related to the
sattering elds by
Hnτn =
~
4eD
(5)
where e is the eletron harge and D is the diusion on-
stant in two dimensions. Measurement of the magnetore-
sistane of a metal, then, allows one to determine the
sattering times assoiated with the various sattering
proesses whih the ondution eletrons undergo. By
simultaneously measuring the magnetoresistane of gold
lms with and without Mn
12
-a on the surfae and om-
puting how the harateristi sattering times hange,
one an determine the types of interations taking plae
2Figure 1: Shemati of pattern used for Au samples.
between the ondution eletrons in the gold and the
Mn
12
-a.
EXPERIMENTAL SETUP AND RESULTS
In order to perform the magnetoresistane measure-
ments, a thin lm of Au was made by thermal evapo-
ration onto a room temperature silion substrate with
the native oxide layer and a 20Å Ge adhesion layer. A
shadow mask, as illustrated in gure 1, was used to de-
ne a pattern onsisting of a single urrent-arrying strip
with eight voltage probes, four on eah side of the strip.
This setup allows a four-wire measurement of two dier-
ent setions of the strip simultaneously and with some
redundany. By plaing Mn
12
-a on half of the urrent
arrying strip, the magnetoresistane with and without
Mn
12
-a an be measured simultaneously using the same
exitation urrent and magneti eld. Theoretial ts are
obtained using a least-squares tting method to obtain
the best set of the four tting parameters, H0, Hso, Hi,
and Hs.
Mn
12
-a was plaed on the surfae of the Au lm us-
ing a simple drop-and-dry tehnique, similar to the es-
tablished dip-and-dry tehnique[31, 32℄. A solution was
made by dissolving 10 mg of Mn
12
-a powder in 10 ml
of isopropyl alohol. Five drops of this solution were
dropped onto half of the Au lm with ample drying time
between drops. It was observed by AFM (see Figure 1,
ref. 32) that this is suient to ensure good overage of
the Au with Mn
12
-a. Samples were then mounted in a
dilution refrigerator for measurement. Results shown are
from typial samples.
Figure 2 shows the measured magnetoresistane for a
7.8 nm Au lm, with and without Mn
12
-a, at a tem-
perature of 600 mK. In the dilution refrigerator used in
these experiments, 600 mK was found to be an easy tem-
perature to reah and stabilize, while lower temperature
measurements did not seem to provide any substantial
advantage. The solid urves are ts to the theory of
weak loalization using Equation 1. The tting param-
eters, Hn, used for the ts in Figure 2 are listed in Ta-
ble I. Also listed are the harateristi sattering times
alulated using Equation 5. The elasti sattering time
is inreased by approximately a fator of two if Mn
12
is
present. This indiates a derease in the amount of elasti
sattering, onsistent with a hange in the surfae whih
redues the amount of surfae sattering. The inelas-
ti and spin-orbit sattering are essentially unhanged,
while the spin sattering time is redued by around an
order of magnitude. This indiates a signiant inrease
in the amount of spin sattering taking plae. The de-
rease in elasti sattering and inrease in spin satter-
ing are onsistent with a piture in whih eletrons whih
would have sattered from the surfae of the Au lm are
instead entering the Mn
12
-a moleules and undergoing
spin sattering, most likely from the Mn atoms within
the moleules.
Figure 2: Magnetoresistane of 7.8 nm Au lm at 600 mK.
Solid urves are ts to theory.
No Mn12a With Mn12a
H0 12.9±0.5 4.3±0.2
Hi 0.0145±0.005 0.0090±0.0045
Hso 0.97±0.02 0.58±0.02
Hs 0.0040±0.0025 0.0080±0.0020
τ0 (3.62±0.07)×10
−15
(6.31±0.15)×10
−15
τi (3.66±1.20)×10
−12
(3.97±1.92)×10
−12
τso (4.85±0.01)×10
−14
(4.76±0.05)×10
−14
τs (1.91±1.17)×10
−11
(3.59±0.82)×10
−12
Table I: Charateristi elds and sattering times for 7.8 nm
gold lm at 600 mK.
Figure 3 shows the magnetoresistane for a 9.0 nm Au
lm, also at 600 mK. Fitting parameters used for the
solid urves are listed in Table II. As with the thin-
ner sample, the inelasti and spin-orbit sattering times
remain unhanged within experimental error. It should
3be noted that due to the small hanges being measured,
we observe digitization of the data, indiating that the
measurements are lose to the experimental resolution.
The hanges in resistane were on the order of the small-
est digit whih ould be resolved with the experimental
setup used. This digitization also leads to larger rela-
tive errors in the numbers reported. Again, there is a
signiant inrease in the elasti sattering times, by a
fator of approximately four. There is also a derease in
the spin sattering time by about an order of magnitude.
This behavior is onsistent with that seen for the thinner
sample.
Figure 3: Magnetoresistane of 9.0 nm Au lm at 600 mK.
Solid urves are ts to theory.
No Mn12a With Mn12a
H0 3.1±0.4 0.5±0.1
Hi 0.0015±0.001 0.0050±0.0045
Hso 0.23±0.02 0.12±0.02
Hs 0.0005±0.0004 0.0050±0.0030
τ0 (7.47±0.48)×10
−15
(1.88±0.18)×10
−15
τi (2.63±1.66)×10
−11
(8.78±7.72)×10
−12
τso (9.99±0.21)×10
−14
(7.75±0.51)×10
−14
τs (4.60±2.16)×10
−11
(2.70±1.43)×10
−12
Table II: Charateristi elds and sattering times for 9.0 nm
gold lm at 600 mK.
As a ontrol experiment, a gold sample was prepared
with pure isopropyl alohol on half of the urrent arry-
ing path in order to eliminate the possibility of the eet
being due to residual ontaminations in the isopropyl al-
ohol. The experimental data, along with theoretial ts,
are shown in Figure 4. The tting parameters whih pro-
vided the best t are listed in table III. Within exper-
imental error, there are no signiant hanges in any of
the sattering times due to the presene of the isopropyl
alohol or to any ontaminations within the isopropyl
alohol. This indiates that the hanges seen in the sam-
ples with Mn
12
-a are due to the Mn
12
-a and not to the
isopropyl alohol whih was used as a solvent for sample
preparation.
Figure 4: Magnetoresistane of 9.0 nm Au lm at 600 mK
with isopropyl alohol. Solid urves are ts to theory.
Pure Au With Isopropyl Alohol
H0 3.2±0.2 3.6±0.4
Hi 0.0035±0.0015 0.0015±0.0010
Hso 0.29±0.02 0.30±0.02
Hs 0.0010±0.0005 0.0010±0.0005
τ0 (7.30±0.25)×10
−15
(6.92±0.38)×10
−15
τi (6.67±1.85)×10
−12
(2.86±1.81)×10
−11
τso (8.05±0.34)×10
−14
(8.25±0.09)×10
−14
τs (2.33±1.40)×10
−11
(3.21±1.46)×10
−11
Table III: Charateristi elds and sattering times for 9.0 nm
gold lm at 600 mK with isopropyl alohol.
CONCLUSION
It has been shown that the presene on Mn
12
-a on the
surfae of a thin Au lm auses signiant hanges in the
magnetoresistane of the Au lm. Fitting of the experi-
mental data to the preditions of the theory of weak lo-
alization allows haraterization of the types of hanges
taking plae. In partiular, there is an enhanement of
the spin sattering of the ondution eletrons, oupled
with a redution in the elasti sattering. This is onsis-
tent with eletrons entering the Mn
12
-a and undergoing
spin sattering, rather than simply sattering from the
4surfae of the Au lm. This is the rst time that ex-
perimental evidene has been seen indiating that a sur-
fae layer of moleular magnets an be used as sattering
enters to hange the eletron transport properties of a
metalli lm.
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